Computerized information systems can potentially help the dairy producer to deal with the increased complexity of decision making and availability of information in dairy farming. These systems, however, should be fully integrated to ensure a coordinated execution of dairy farming activities. A framework was developed, therefore, to support the creation of computerized management and control systems in dairy farming. Within this framework, a management and control system was defined as a network consisting of the management and control activities and the information flows that are involved in dairy farming. The management and control activities consist of a cycle of decision making, implementation, and assessment. These activities were classified according to level (strategic, tactical, operational, or regulatory) and sphere (breeding, health, nutrition, environment, milk production, fixed assets, labor, or finance). These activities can be performed by human beings or automated systems that are located on or off the farm. A large amount of information exchange exists among these management and control activities, between the overall management and control system, and between the physical farm environment and external agents. The interdependence among decisions at the various levels and spheres necessitates computerized management and control systems that are integrated and that support the exchange of information. The developed framework should facilitate the creation of such systems and could also act as a reference base for the analysis and improvement of existing dairy farm information systems. ( Key words: dairy cattle, management and control activities, decision-support systems, computerized systems)
INTRODUCTION
Decision making on dairy farms has become more complex because of the intensification of dairy farming and factors such as an increase in knowledge about animal management, higher quality demands by consumers, and more governmental regulations. In addition, an increasing volume of data is becoming available from sensors that observe the status and behavior of dairy cows (11, 30, 32) and from external sources including the DHIA, breed associations, AI units, and feed companies. These data may improve on-farm decision making, but only if interpreted and utilized appropriately. Also, some of the physical farm activities, such as feeding and milking, can now be partially or completely automated (25, 27, 31) . Although these automated systems reduce the amount of required physical labor, they nevertheless require additional decisions to be made to update their set points and to monitor their functioning.
Computerized information systems, which comprise components such as decision-support systems ( DSS) and record-keeping systems, can partially automate the interpretation of data and information and support the dairy producer in dealing with the increased complexity of decision making. However, these information systems, which can be developed for various areas in dairy farming, such as breeding, nutrition, or finance, need to be fully integrated with one another to ensure a coordinated execution of dairy farming activities. The long-term development of computerized dairy farm information systems should, therefore, be guided by a framework describing the various on-farm management and control activities ( MCA) and the information flows among them ( 7 ) . Such a framework allows for the modular development of these systems within a global information model of the dairy farm and can also act as a reference base to compare and analyze currently existing computerized information systems for dairy farms.
Several frameworks have been developed to support the creation of computerized information systems for dairy farming (5, 7, 8 ) and for agriculture in general (12, 20, 33) . The framework described by De Hoop ( 7 ) and Brand et al. ( 5 ) focused on dairy farm management activities. Alternatively, the framework described by Kok and Lacroix ( 2 0 ) tended to be oriented more toward process control (i.e., related to the regulation of physical processes). However, the management and process-control types of activities on a dairy farm need to be integrated with each other to ensure a coordinated functioning of all farm activities and to allow for optimization of the entire farming operation. The frameworks developed by Gauthier and Kok ( 1 2 ) and by Wagner and Kuhlmann ( 3 3 ) included both management and process-control activities but were concerned with agricultural systems in general and did not deal with the specific MCA involved in dairy farming. Devir et al. ( 8 ) adapted the management framework proposed by De Hoop ( 7 ) to incorporate the management and control involved with automatic milking systems but did not consider other short-term control activities. Thus, there is a need for a complete framework that deals with both management and process-control activities in dairy farming.
This paper describes a framework for the long-term development of computerized information systems in dairy farming. The framework focused on the virtual part of dairy farming (i.e., the information processing activities and information flows on the farm); the physical implementation of decisions that are made (e.g., how the actual feeding of the cows takes place) is considered to be outside the scope of this analysis. The first three sections of the paper describe the information processing activities and information flows that take place on dairy farms in general. The MCA model is described in the first section and is followed by a classification of dairy farming MCA in the second section. The information flows that drive these information processing activities and connect them with one another are described in the third section. The fourth section focuses on how and where these MCA can be performed in specific farming situations. The final section deals with aspects concerning the actual creation of computerized information systems in dairy farming, based on the proposed framework.
DAIRY FARM MCA
A framework for the development of computerized information systems in dairy farming should provide a global description of both the information processing activities and the information flows that are required for the proper management and control of the farm ( 5 ) . In this framework, the information processing activities are referred to as MCA. The MCA are interconnected and together form the management and control system ( MCS) . The MCS is, thus, a network of MCA within which information is exchanged and processed by various MCA. In this framework, the term "information" is interpreted in a broad sense, including signals, data, information, and knowledge. In the real world, many of these MCA are performed by human beings (i.e., dairy producer, farm employees, or external advisors), but some may be automated through implementation in computing devices.
A model describing dairy farm MCA needs to accommodate both management and process-control activities. Farm management can be described in terms of planning, implementation, and control (2, 18) . In such a management model [see the frameworks described by Brand et al. ( 5 ) and Devir et al. (8) ], planning consists of selecting a course of action from among various alternatives to accomplish goals; implementation consists of acquiring the necessary resources and putting the chosen plan into action; and control consists of record keeping, evaluating the performance, and taking corrective action if necessary. These functions together form a management cycle in which the control function is followed by improved planning based on new information (18) . Alternatively, with classic process control, a decision-making unit decides upon an action, depending on the difference between the measured and desired state or the behavior of the system that is being controlled. The action is then carried out upon the system, and, finally, the effects are measured for comparison with goals or set points and fed back to the decisionmaking unit, resulting in a continuously operating control loop (24) . Thus, both management and process controls imply some kind of decision-making, implementation of a decision, and feedback of the results. The main difference is that management activities tend to be more complex and ill-defined than process-control activities, usually requiring human participation, and process-control activities can often be formalized and fully automated.
In this framework, the management and processcontrol models were combined into a universal concept of MCA consisting of three functions: decision making, implementation, and assessment ( Figure 1 ). In our model, decision making can have varying degrees of complexity, ranging from relatively simple (e.g., temperature control) to quite complex (e.g., whole-farm strategic planning). Decision making can be more than just making a final choice and can involve all phases of the decision-making model de- fined by Simon (29) , including the detection and diagnosis of problems or opportunities, the development and analysis of alternatives, and the selection of a course of action. Although the implementation of a decision can be a physical act (e.g., detachment of the milking cluster during milking), it can also be a virtual activity, in which case, the implementation leads to a new cycle of decision making, implementation, and assessment by another MCA. Assessment involves measurement of the effects of the implemented decision as well as record keeping and feedback of the measured performance. In this definition of an MCA, decision making is restricted to one part of the MCA. Implementation involves decision making only if it implies the activation of another MCA. Assessment does not involve decision making. Detected deviations between the goal and measured performance need to be analyzed during a new session of decision making, as described by Huirne (16) .
CLASSIFICATION OF MCA
The nature of MCA in dairy farming varies considerably; MCA can be classified according to the level at which they are performed and the sphere of the farm of which they are part. This classification supports the global picture of how the dairy farming activities are related to one another, which is necessary to ensure that computerized dairy farm information systems are developed in a coherent and integrated fashion.
Level of MCA
The level at which MCA are performed reflects the horizon at which factors are taken into account within the MCA and the hierarchy in which they operate. De Hoop ( 7 ) and Brand et al. ( 5 ) considered three levels according to a planning horizon: strategic, tactical, and operational. Alternatively, Gauthier and Kok ( 1 2 ) considered three levels of control: strategic, tactical, and regulatory. In this framework, the previous notions are combined to consider four levels of management and control: strategic, tactical, operational, and regulatory. At the strategic level, MCA tend to be broad in nature (including the whole farm structure) and focus on the long term (multiple years). Tactical MCA are performed within the scope of the strategic plan to obtain optimal results within the given farm structure. Decisions are focused on the medium term (year or season) and tend to be made more frequently than at the strategic level. Operational MCA are influenced by the actual day-to-day situation on the farm, are related to the implementation of the tactical plans, and focus on the short term (weeks, days, or hours). The regulatory level concerns MCA at a very short term (minutes or seconds), which tend to be continuous and to take place in real time. Although this classification indicates four distinct levels, in reality, MCA are performed within a continuous range from the strategic to the regulatory level. It may, therefore, be better to classify many MCA somewhere between two levels. Daily milking and feeding activities could, for example, be classified at a level higher than regulatory but lower than operational.
The relationship between the three MCA functions and the levels of activity can be viewed as nested within one another ( Figure 2 ). The implementation of higher level decisions tends to involve decision making, implementation, and assessment at lower levels. For example, strategic plans need to be implemented at the tactical, operational, and regulatory levels, as in the case of a new breeding goal, which requires the choice of sires with traits that conform to the goal or a change in culling criteria. Conversely, decision making at lower levels needs to be performed within the plans formulated at a higher level. The implementation of strategic plans tends to be mainly virtual, because implementation usually involves additional decision-making activities at the tactical and lower levels; toward the regulatory level, implementation tends to acquire more of a physical nature.
Sphere of MCA
In addition to the level at which they are performed, MCA can also be classified according to the sphere of farming of which they are part. This decomposition into spheres allows one to focus on different areas of expertise within dairy farming. Hogeveen et al. ( 1 4 ) described a broad classification of dairy management support into three modules: health, production, and finance. In this framework, a more detailed classification was used that was comparable with the dairy farming functions described by Brand et al. ( 5 ) . The following eight spheres of activity were recognized: breeding, health, nutrition, environment, milk production, fixed assets, labor, and finance.
The first four spheres (breeding, health, nutrition, and environment) are directly related to the treatment of the current production units (dairy cattle) and future production units (calves and heifers). In the sphere of breeding, decisions are made regarding reproduction (e.g., estrus detection, artificial insemination, pregnancy checking, and calving), replacement (e.g., rearing of replacement heifers and the purchasing and culling of animals), and mating (e.g., program objectives, choice of sires, and age at breeding). The production of embryos, calves, heifers, and cows as genetic material is also classified as part of the breeding sphere. In the health sphere, actions need to be taken concerning prevention, early identification, and treatment of diseases. The nutrition sphere consists of activities such as ration formulation, feed analyses, feed storage, and feeding. The use of fresh grass, either through grazing or summer feeding, is considered as part of this sphere, but growing pasture or other feed crops belongs to separate spheres outside the scope of this framework. Decisions in the environment sphere relate to the living conditions for the animal, including its welfare. Topics include housing, climate, and wastewater and manure handling. The milk production sphere includes obvious activities such as milking the cows, milk testing, and milk storage and also covers areas such as analyses of lactation curves and, if necessary, quota management. The labor sphere includes the hiring of labor and the planning and scheduling of the work. The fixed assets sphere involves activities such as acquisition and maintenance of farm buildings, installations, and equipment. The finance sphere involves the management of funds, both for fixed assets and working capital, and includes cash flow decisions; bookkeeping activities for financial, farm economics, and tax purposes; and the acquisition and repayment of funds. Similar to the classification into levels, clear boundaries between spheres cannot always be drawn. Some activities could be classified as part of multiple spheres (e.g., body condition scoring is related to both health and nutrition). Table 1 gives examples of MCA in different spheres and levels. Strategic decision making (e.g., expansion of the herd) often involves the whole farm, in which case, it cannot be confined to one sphere of activity. Figure 3 gives an example (ration formulation) of the relationships among MCA at different levels and spheres. In this figure, the operational level MCA for ration formulation depends on other MCA within the nutritional sphere, both at the operational and tactical levels, and leads to lower level implementation. In addition to the interaction within spheres, a substantial amount of interaction and information exchange exists among the spheres. Decisions concerning one sphere may have important effects on some aspects of others. For example, most decisions involve financial aspects, and decisions in the nutrition sphere influence and depend on the milk production and health of the cows, as shown in Figure 3 . This high level of interrelationships among spheres needs to be accounted for in the development of computerized information systems.
FLOW OF INFORMATION
In addition to the characteristics of the MCA, the MCS can also be analyzed in terms of information flows. Information from the physical farm environment and the external world is the driving force for the information processing activities within the MCS; the MCA also transfer information to the physical farm environment and the external world. The description of these information flows defines the required exchange of information with the external world and the physical farm environment and helps to clarify the interactions among the MCA within the MCS.
Information Exchange with External Agents
Dairy producers have to deal with a large amount of information exchange with various external agents. For many dairy farms, the milk recording agency or DHIA is the most important external agent. Based on the milk weights and samples collected regularly on the farm, DHIA provide the dairy producer with test day results for milk yield, milk fat and protein, and somatic cell count of the herd and of the individual cows. Other important external agents include the breed associations, AI units, veterinarians, feed companies, and the milk processing industry. Information flows not only from the external agent to the producer but might also flow from the producer to the agent. For example, in order to generate farm-specific recommendations, external agents need information about the local farm conditions.
The information provided by external agents may be the result of macro-scale management activities. At this macro scale, management activities involve multiple farms in a region or even the entire dairy sector. Examples include comparisons among herds, national genetic evaluations, and the allocation of milk quota to regions. Although these macro-scale activities also consist of decision making, implementation, and assessment, they are not dealt with specif-ically within this framework. The information from these macro-scale management activities includes reference values against which the farm performance can be compared and general recommendations that need to be adjusted to the situation of the local farm. For example, information from national genetic evaluations needs to be filtered according to the personal preferences of the dairy producer for improvement of specific traits.
Information Exchange with the Physical Farm Environment
The MCS also exchanges information with the physical farm environment through observations of the state and behavior of the cows and other physical entities and also through the physical implementation of decisions made within the MCS upon the physical farm environment. The observations of cow variables, such as the milk yield and quality, feed intake, and the general state of health, are essential components of many dairy farm MCA. Additionally, observations are required concerning other physical entities on the farm, including the temperature of the milk in the bulk tank, the quantity and quality of the available feeds, and the climate in the barn. The process of making observations, whether by human beings or with sensors, can be seen as a type of MCA at the regulatory level. Within these MCA, decision making is required to translate signals from the physical farm environment to data; implementation may be needed to trigger other MCA.
Decisions made within the MCS need to be implemented in the physical farm environment, either directly affecting the cows through feeding, milking, and other treatments or indirectly by changing the climate surrounding them. This implementation tends to be part of operational and regulatory level MCA and can be performed by human beings or automatic devices and robots. The transfer of information from the MCS to the physical farm environment consists of signals that activate and control the physical implementation of the decisions made.
Information Exchange Within the MCS
Within the dairy farm MCS, the MCA need to exchange information with each other in order to manage and control the dairy farm properly. Decisions made at one level often have to be implemented at lower levels, but these decisions may also affect decision making in other MCA at the same or higher levels. For example, the MCA that performs the formulation of feed rations (operational level) needs to communicate new rations to the MCA in charge of feeding (between the operational and regulatory level). On a large farm, employees may use worksheets for this information; in the case of automated feeding, a feed robot needs to be updated with those same inputs. The assessment function often needs information from lower level MCA of the same or other spheres to be able to determine the performance of the system. For example, the information required to assess the effects of a change in ration includes the actual feed intake of the cows. Figure 4 gives an example of the MCA and information flows involved in ration formulation and feeding. The large amount of information exchanged, both on the farm and between the farm and external agencies, is an important factor in the development of integrated computerized dairy farm information systems. The various components of these automated systems have to be able to communicate not only with the dairy producer but also with one another and with agents in the external world.
PERFORMANCE OF MCA
The MCS described in the previous sections constitutes a general framework of dairy farming activities. However, how these MCA are performed and where they take place may vary considerably on specific dairy farms.
Automation of MCA
At the current level of technology, some of the dairy farm MCA can be automated, leading to a MCS in which MCA can be performed either by humans or by automatic devices, robots, and computerized information systems. The possibility of automation varies with the level of MCA. At the regulatory and operational levels, decision making tends to be rather simple and can often be automated with a computer or regulation device. For example, making observations and implementing decisions in the physical farm environment can often be automated with sensor technology and process-control systems. At higher levels, decision making tends to be more complex and illstructured. In these cases, DSS can be developed to help the human decision maker by automating parts of the decision-making process.
Sensor technology. With sensors, some of the observations that traditionally have been performed by dairy producers or their employees can now be automated, including the milk yield and activity level of the cow (11, 30, 32) . In addition, sensors allow for the observation of variables that could not be meas- ured previously (e.g., milk temperature and electrical conductivity). With the on-farm implementation of sensors such as electronic milk meters, the frequency with which information of individual cows is being recorded increases from once per month (standard DHIA schedule) to multiple times per day, which leads to an enormous increase in the amount of data that needs to be stored, treated, and interpreted. It is, therefore, essential for dairy farms that make use of this sensor technology to have computerized information systems (e.g., record-keeping systems and DSS) in place to support the handling, interpretation, and subsequent use of this information (11) . The interpretation of data from sensors to detect estrus, for example, can be seen as an MCA in itself. With estrus detection, decision making is required to differentiate normal patterns in the data from those that indicate estrus. Implementation is then required to notify the producer, and assessment may be used to record the detected cases of estrus.
Automated process control. Automatic devices and robots are now available to (partially) automate traditionally labor-intensive tasks such as feeding (25, 31) and milking (8, 27) . These automated process-control units often consist of a collection of regulatory level MCA to perform sensing and the physical implementation of decisions and higher level MCA to control the overall process. Although these units perform their tasks autonomously, management and control by the dairy producer are required. The functioning in time of these units has to be analyzed to be able to optimize the entire automated process, and set points need to be updated on a regular basis. The automated process-control units also tend to produce large amounts of information that could be used to improve decision making in other MCA.
DSS. Human-based MCA that are too complex to be completely automated can be supported with DSS. These are generally defined as computer-based systems that support decision makers to deal with illstructured decision situations by allowing the user to interact with data, tools, and models (6, 19) . The term management information system is often used as a synonym for DSS, but in some definitions, a management information system is restricted to providing the user access to information (16) . At the operational or tactical level, the decision-making process may be structured enough to allow a DSS to produce specific recommendations autonomously. A DSS for breeding decisions, for example, may support the dairy producer in choosing sires for a specific program of genetic improvement or in the ranking of heifers for preferential mating. It is, however, the human decision maker who has to make the final decision. The activities performed by a DSS can be seen as automated MCA that involve 1 ) decision making (to generate a recommendation), 2 ) implementation (to show the user information), and 3 ) assessment (to record the user's final decision). A DSS may also support the implementation of the final decision by printing out worksheets for farm employees or by transferring new set points directly to automated process-control units, such as feed robots or climate computers.
Distribution and Location of MCA
The processing of farm-specific MCA can be centralized or distributed on the farm, and, in addition, some MCA may be processed externally. On a small farm without automation, all of the MCA may be performed in a centralized fashion by one person. However, more often, MCA are performed by multiple processors, leading to a distributed type of processing. The decision-making activities may be shared by the dairy producer, external agents, and several processors on the farm, such as the central farm computer with record-keeping and decision-support software, a cow monitoring unit, and a feed robot ( Figure 5 ). The different processors in such a distributed system need to be connected through an electronic network to facilitate the large amount of information exchange that exists. An important component of this information network is the central farm computer, which constitutes the main interface between the dairy producer and the other processors of this network.
The most appropriate location to perform farmspecific MCA (on-farm versus external) depends on many factors, such as the frequency at which decision making is required, the expertise and interest of the dairy producer, and the availability of computer capacity to process data. Operational and regulatory MCA are generally performed most efficiently on the farm because of their frequent use, as in the case of the detection of estrus or mastitis. The formulation of feed rations requires specialized expertise and is often performed by external agents, such as nutritional consultants and feed companies. The DHIA have traditionally recorded the amount of milk produced and the milk components of individual cows. Based on this data, the DHIA often perform farm-specific MCA such as the computation of performance indices. Recent developments in sensor and communication technology, however, may change these patterns of where MCA are performed. The increased use of sensors on the farm (e.g., measurement of milk yield and milk quality of each cow at each milking) requires computerized on-farm MCA for the acquisition and interpretation of data related to the performance of the cows; however, the Internet can facilitate the exchange of information between the farm and external agents and may, therefore, support the external processing of MCA.
COMPUTERIZED MCS

System Development
The MCS framework constitutes a starting point for the development of computerized management and control systems ( CMCS) . A CMCS is a subsystem of an MCS and consists of those MCA on a particular farm that are carried out autonomously by automatic devices, robots and computerized information systems. The actual development of dairy CMCS requires detailed analyses of the MCA involved and the information exchange among them. During this development, the MCS can function as a global model of the dairy farm to guide the development of integrated CMCS.
A major advantage of the concept of a network of MCA is that it matches well with an object-oriented approach to the development of computerized information systems ( 3 ) . Each MCA could be considered as an object, containing both the procedures and the information to perform decision making, implementation, and assessment activities. This approach could ease the incremental development of integrated CMCS because the object-oriented approach may increase the reusability of computer code after each iteration from initial prototype to final product (26) . Also, such an approach makes possible the development of farm-specific CMCS, by allowing choice and use of objects or CMCS components that correspond to the specific situation of each farm. An object-oriented approach may also facilitate the large amount of information exchange among the MCA. The objects, or MCA, would interact with each other by sending messages containing information (or requests for information) or by requesting the performance of specific actions.
Integrated and Distributed CMCS
The large degree of interdependence among decisions made at the various levels and spheres requires the development of integrated CMCS. The integration of decision making can only take place through the exchange of information among the various CMCS components, whether they reside on a central farm computer or are physically distributed. Many dairy producers already make use of computerized recordkeeping systems to keep track of milk production, breeding, and health data. Newly developed CMCS components should, thus, be able to exchange information with these existing record-keeping systems. The processing of MCA within the CMCS may be physically distributed over multiple processors on the farm as shown in Figure 5 . These processors, therefore, need to be interconnected through a communication network (e.g., LAN, or Local Area Network) to allow for the direct and efficient exchange of information (12, 17) . Wireless data transfer may be an interesting avenue for such networks, especially for those units that are not stationary, such as a feed robot and milking units in a tie-stall system.
External agents often perform farm-specific MCA and, as such, are part of the distributed processing of the MCS ( Figure 5 ). The information exchange between the farm and external agents has traditionally occurred on paper. However, in recent years, a number of projects have begun to transfer DHIA and other data electronically to the farm through direct modem connections (22, 32) . With electronic transfer of data, on-farm computerized information systems can make use of data directly without time-consuming and error-prone manual data entry. The Internet makes the exchange of information between the farm and external agencies even easier. Additionally, the Internet may offer more flexibility in the location of decision making. In the future, agencies such as DHIA may provide decision-support services over the Internet, allowing the farm manager to use decisionsupport software that is located and maintained on a central computer at the external agency (23) .
The exchange of information among CMCS components, however, is only possible when protocols for the representation and exchange of information and the calculation of performance indices are available and agreed upon. In this respect, the development of national and international standards has many benefits. Such standards could allow dairy producers to purchase the different components of their CMCS from different manufacturers of software and hardware (4, 32) , ease the exchange of information with external agents ( 4 ) , and facilitate the comparison of performance indices among dairy farms (21) .
Knowledge-based Techniques
The various components of CMCS can be constructed with knowledge-based or artificial intelligence techniques in addition to the more traditional computing technologies, such as databases, mathematical models, and statistical analyses (9, 14) . These knowledge-based techniques allow for the use of the knowledge of human experts or other sources to automate or support MCA that deal with complex and poorly understood problems. In dairy farming, knowledge-based techniques seem to be especially appropriate for computerized information systems related to monitoring, diagnosis, and planning ( 9 ) , and, in the past decade, several such systems have been developed (1, 10, 13, 28, 34) . Knowledge-based techniques may be useful at the operational level in domains that are poorly understood (e.g., to interpret data from sensors based on expert knowledge). These techniques may also be useful at the tactical and strategic levels, in which the decision-making process tends to be more complex and knowledge from several domains is often required. Hogeveen et al. ( 1 5 ) gave a comprehensive overview of various types of knowledge representation schemes and showed that the most appropriate representation of knowledge depends on the characteristics of the MCA for which a CMCS component is being developed.
Toward System Autonomy
Complete automation of MCA is at the present time mainly limited to the regulatory and operational levels. However, the future may see dairy farm MCS with greater autonomy and involving automated MCA at higher levels. For example, on dairy farms with automated feeding for individual cows, the quantity and quality of the ration could be automatically adjusted based on stage of lactation, milk production, and body condition score of the cow. Another example, perhaps in the more distant future, might be the complete automation of calf rearing (including feeding, measurement of growth, and the detection of diseases). However, systems with greater levels of autonomy also require more sophisticated control mechanisms to ensure their survival and stability.
CONCLUSIONS
A framework has been developed to support the creation of computerized information systems for use in dairy farming. This framework describes the virtual part of dairy farming in terms of an MCS. This MCS consists of a network of MCA, which perform information processing activities and exchange information. The MCA can be oriented toward management or process control and are classified according to the level at which they are performed and the sphere of dairy farming of which they are part. Information flows are treated in terms of the information exchange among MCA and the exchange between the MCS and both the physical farm environment and the external world. The MCA can be performed by human beings or automated systems and on the farm or externally, leading to MCS that are specific to each dairy farm. The large interdependence among MCA at the various levels and spheres, as well as the distributed decision making (which comes with the increased use of automated systems for monitoring and process control), necessitates CMCS that are integrated and that support the exchange of information. Communication technologies, such as Local Area Networks and the Internet, are expected to play a major role in CMCS by facilitating the exchange of information on farm and between the farm and the various external agencies. This MCS framework is envisaged to support the development of CMCS by providing a description and categorization of the various kinds of information processing activities and information flows involved in dairy farming. In addition, this framework can act as a reference base for the analysis of existing dairy farm information systems.
